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Abstract 
Osteoporosis represents one of the main factors contributing to premature morbidity in individuals with Down Syndrome 
(DS) who are characterized by muscle hypotonia. The purpose of this study was to assess bone ultrasound properties in a 
cohort of subjects with DS with reference to age and body tonicity. A number of 193 subjects with DS and 246 healthy 
subjects participated in this study. Broadband Ultrasound Attenuation (BUA) was measured. Stabilometric performances were 
obtained from a force platform. Subjects were divided into four age groups (mean age 10.8 yrs, 15.2 yrs, 20.5 yrs, 33.4 yrs 
respectively) using a decision tree procedure. Subjects with DS differed from controls for BUA in the two older age groups. 
Stabilometric performances of the controls were higher for each age group, showing an improvement of stability and tonicity 
with age. Results of this study showed the bone degradation that occurs at the end of adolescence and in adulthood in 
individuals with DS. BUA values and stabilometric performances were able to distinguish DS from controls in the two older 
age groups whose low bone status may be explained by a deficient postural tone. 
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Down syndrome (DS), the most common genetic cause of developmental disability, is characterized by 
intellectual disability and musculoskeletal disorders(Sago et al., 2000). Recently, osteoporosis has been identified 
in individuals with DS. The significant increase in the life expectancy of this population may explain the onset of 
such metabolic disease. In addition, it must be noticed that both pediatric and adult Down syndrome cohorts, 
display a low level of physical fitness (Fernhall et al., 1996) that goes in the way of sedentarity.  
The clinical assessment of osteoporosis is based on bone mineral density (BMD) measurements using dual-
energy X-ray absorptiometry (DXA). The quantitative bone ultrasound technique (QUS) can also discriminate 
between normal and osteoporotic women(Gluer et al., 1996) with a sensitivity similar to densitometry techniques. 
It is recognized as an alternative noninvasive technique that measures also characteristics of bone quality such as 
microarchitecture, elasticity and density(Njeh, Boivin and Langton, 1997).   
The link existing between muscle and bone (“functional muscle-bone unit”) is well described today (Schoenau 
& Fricke, 2006). The muscle contraction places the greatest physiological load on bone, and so the strength of 
bone must adapt to muscle strength (Schoenau, 2006). The key idea is the analysis of bone parameters under 
consideration of muscle function. In this way, Schoenau et al. proposed a two-stepped diagnostic algorithm to 
characterize metabolic bone diseases in children and adolescent. Individuals who are characterized by a normal 
muscle mass in relation to their stature, but having insufficient bone mass in relation to muscle mass are 
subjected to a primary bone disease. In contrast, secondary bone diseases are defined by a correct modeling in 
combination with a decreased muscle mass or function. It can be argued that a deficit of muscle contraction 
represents the major cause of bone weakness. Therefore, if muscle hypotonia is reported in subjects with Down 
syndrome, a resulting osteopenia would be observed. 
The purpose of this study was to assess the relations between quantitative bone ultrasound properties and age, 
and body tonicity in a cohort of individuals with Down syndrome. 
2. Method 
2.1 Participants 
This study was conducted with the same ambulatory devices in France and Romania. A group of 193 subjects 
with Down syndrome (DS) (104 males and 89 females) aged between 8 and 37 years participated in this study. 
Concomitantly, we measured a total of 246 healthy subjects control group (CTL) (107 males and 139 females) 
aged between 10 and 61 years. Measurements were performed with support of Special Olympics organization 
and French Federation of Adapted Sport. Written informed consent was obtained from all parents or subjects. 
The study had obtained agreements of Bucharest University (UNEFS) ethical committee and the medical 
department of Adapted Sport Federation in France.  
2.2 Quantitative Bone Ultrasonometry measures 
The Achilles Insight+ (GE, Lunar Corporation, Madison, WI, USA) is a quantitative ultrasound imaging 
device, which allows the quick production of real-time images of the heel bone. Broadband Ultrasound 
Attenuation (BUA) and Speed of Sound (SOS) values are measured in a circular region of interest. All 
measurements were performed on the dominant foot for each participant. 
In our laboratory, the intra-operator coefficient of variation (CV) for BUA and SOS were 1.6% and 0.4% 
respectively. Calculation was made in 10 subjects with repositioning. 
BUA values are dependent upon trabecular orientation in vitro(Gluer, Wu, & Genant, 1993). However, high 
correlations of r=0.75 to r=0.90 have been reported in-vivo between BUA and BMD at the calcaneus using QUS 
and DXA with matched regions of interest (Chappard, Laugier, Fournier, Roux, & Berger, 1997). Therefore, the 
primary outcome of the present study was the BUA value.  
Lumbar spine and hip bone mineral densities by DXA and bone QUS data in a sample of 70 healthy and 
osteoporotic subjects were measured.  
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2.3 Stabilometric measures 
The analysis technique is based on the measurement of the centre of pressure (CoP) sway in a standing 
position. The following parameters were used to assess the balance: the postural sway area (in mm2, 
corresponding to the area of the 90% confidence intervals for the ellipse surface area which contains 90% of the 
CoP positions sampled - Area), the CoP’s total path length over the time (in mm - Length), the variance of speed 
(VFY), the average sway velocity (aV) and the CoP’s total path length per unit surface (LFS). Usually the 
measure of the VFY by means of stabilometric platforms is able to characterize the tone of the muscular posterior 
chain(Vallier, 1985). This measure could allow the assessment of body tonicity, because through this device, the 
lower the variance, the higher the tonicity. 
Body sway area was recorded by means of a 3-strain gauge platform with automatic weight correction 
(Stabilotest, PostureWin-Platform V328). The reference values for stabilometry testing are established at 51.2 s.  
2.4 Statistical analysis 
All values were expressed as mean and standard deviation. The Gaussian distribution of the variables was 
assessed using the Shapiro-Wilk test. In case of non Gaussian distribution, non parametric tests were used and for 
a complex statistical analysis, the data were log-transformed. Pearson two-tailed correlations were performed to 
test the relationships between BMDs values and QUS data. Because the age range was not continuous, subjects 
were divided into age groups using a decision tree procedure. Differences between the means of age groups were 
performed using a one way ANOVA or a Kruskal-Wallis test. 
Pairwise comparisons of QUS and stabilometric parameters by age group and gender were computed using 
independent t-tests or a Mann-Whitney U test. In order to assess the potential relationships between ultrasound 
measures, biometric data, age and stabilometric evaluations, either Pearson or Spearman two-tailed correlations 
were calculated. 
The areas (AUC) under the receiver operating characteristic curves (ROC) were employed for BUA, Area, 
Length, VFY, aV and LFS to evaluate their power to discriminate DS from healthy patients. All analyses were 
conducted using SPSS software (PASW version 18). Significance was set at p<0.05. 
3. Results 
3.1 Subjects characteristics 
CTL total group and DS total group were similar in age and weight. Subjects with DS were smaller and had 
higher BMI than CTL group (p<0.001).  
The classification obtained from the decision tree test had resulted in four age groups for the relation age-
BUA. The mean ages were for group 1: 10yrs 9mo (13mo), group 2: 15yrs 2mo (12mo), group 3: 20yrs 6mo 
(27mo) and group 4: 33yrs 4mo (84mo).  
No significant difference was observed in the distribution of gender within age groups (Pearson Chi-Square = 
3.55, p <0.05). 
3.2 Quantitative Bone Ultrasound parameters: BUA and SOS 
The two QUS values correlated with lumbar spine right femoral neck and left femoral neck BMD values (from 
r=.25 to .36 for BUA, p<0.05). 
When compared to CTL, subjects with DS had lower BUA (-6%) but higher SOS (+1%) values.  
As displayed figure 1, BUA was significantly higher in CTL than DS for age groups 3 (+ 6%, p<0.001) and 4 
(+ 7 %, p<0.01). SOS was significantly lower in CTL than DS for age groups 1 (p<0.05) and 4 (p<0.05). BUA 
correlated with age (r=0.157, p<0.001) for CTL only. There was no correlation between age and SOS (p <0.05). 
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3.3 Stabilometric parameters 
Figure 1 shows stabilometric data for the two groups. Independent of the parameter studied, DS values were 
consistently less efficient than CTL.  
No differences existed at age group 1 and 2, whereas at age group 3 and 4 CTL groups showed better 
performances than DS groups (figure 1). DS groups did not display any difference in stabilometric values 
irrespective of age group.  
Negative correlation existed between age and all stabilometric parameters for CTL group: area (Spearman’s 
rho = -0.396, p<0.001), Length (Spearman’s rho = -0.350, p<0.001), LFS (Spearman’s rho = -0.276, p<0.001), 
aV (Spearman’s rho = -0.351, p<0.001), and VFY (Spearman’s rho = -0.445, p<0.001), whereas age did not 
correlate with values from the DS groups. Negative correlations existed between BUA and the following 
stabilometric parameters: Length (Spearman’s rho = -0.132, p<0.01), LFS (Spearman’s rho = -0.129, p<0.05), aV 
(Spearman’s rho = -0.147, p<0.005), and VFY (Spearman’s rho = -0.150, p<0.05).  
 
 
 
Figure 1: Comparison between DS (dark) and CTL (light) of QUS (2 figures at the top) and stabilometric 
parameters in function of age group. It is noticeable that for all stabilometric measures, CTL group enhanced 
their performances with age while DS did not evolve.  
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3.4 ROC results 
The discriminatory ability of the stabilometric variables and BUA measurements is shown in table 1 and 
figure 2. These parameters were able to discriminate between individuals with DS and healthy controls only for 
age groups 3 and 4. BUA measurements at the calcaneus had the lowest discriminatory ability.   
Table 1: ROC analysis of BUA and stabilometric values for age-matched DS and CTL subjects 
of groups 3 and 4 
 
 
Figure 2: ROC curves for BUA and the five stabilometric variables for Down syndrome subjects and age-
matched healthy subjects of age group 3(A) and age group 4 (B). BUA: Broadband ultrasound attenuation; LFS: 
Length function surface; aV: Average sway velocity; VFY: Variance of speed. 
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4. Discussion 
The present results point out the significantly lower BUA values observed in individuals with Down 
syndrome, especially after the age of 16 years. These values are linked to significant poorer stabilometric values. 
The bone weakness observed in such individuals may result from the lower muscle tonicity and stability as 
assessed by the stabilometric tests. The fact that the speed of sound failed to differ between groups and was 
higher in the younger age group is difficult to explain.  
The complexity of deficiencies linked to the Down syndrome is susceptible to result in deleterious bone 
matrix properties that could explain these observations. BUA may reflect independently the bone density and the 
bone material properties. Hypotonia is routinely reported in describing the characteristics of Down syndrome. 
According to the concept of “functional muscle-bone unit” (Frost & Schonau, 2000), bone mass and bone 
geometry are influenced by growth and muscle development in children and adolescents. The muscle deficiency 
reported in these subjects can result in reduced bone mass and alteration of bone matrix. 
5. Conclusion 
The present results pointed out the bone parameter degradation observed in individuals with Down syndrome 
after adolescence and later in adulthood. The low bone status in this population may be explained by the 
deficiency postural tone as assessed by stabilometric performances. This study adds evidence to previous reports 
concerning the weakness bone status of subjects with Down syndrome and suggests that this status could result 
from low muscle tone, especially at the end of adolescence and young adulthood. Therefore a program of 
physical activity may be proposed during growth in order to prevent further bone disease in Down syndrome 
population. 
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